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PREFACE

OBJECTIVE OF THE PROGRAM

The objective of this experiment is to establish a radiometric calibration tech-
nique that will permit the absolute reflectance characteristics of ground targets to
be determined from ERTS spacecraft data,

The accomplishment of this objective entails the pursuit and accomplishment
of intermediate goals that include:

a, Development and evaluation of techniques to determine absolute target
reflectance from ERTS data by the measurement and removal of the
solar and atmospheric parameters derived from ground-based radiant
power measurements, '

b. Development and evaluation of techniques to determine absolute reflec-
tance of large natural and man-made targets from ground-based spot
sampling.

¢, Development and evaluation of computer software, techniques, and pro-
cedures for transforming ERTS computer -compatible tapes (CCTs) into
a new set of tapes and images which have been corrected for selar and
atmospheric effects,

d. Inter-comparison of the capabilities of correcting the ERTS data for
solar and atmospheric parameters and effects by candidate radiometric
calibration techniques that include (1) transfer calibration, (2) ground-
based radiant power measurements, (3) use of spacecraft data alone (little
or no auxiliary inputs), and (4) radiation transfer models. ]

SCOPE OF WORK

The scope of this work is to provide the personnel and equipment necessary
to develop radiant power measuring instruments (RPMIs), deploy RPMIs to obtain
solar and atmospheric parameters in concert with aircraft and ERTS overflights,
and to test and evaluate procedures for using these parameters in transforming
ERTC CCTs into a new set of tapes and images corrected for atmosphere. Using
the performance achieved by the RPMI technique as a baseline, the scope of the
work also includes comparing the effectiveness of alternative techniques in cor-
recting ERTS data for effects of atmosphere that degrade radiometric fidelity of
ERTS data.
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CONCLUSIONS

The significant results accomplished during this reporting period include:

=

E.

Computer processing of ERTS CCTs and atmospheric parameters est-
ablished the feasibility of the techniques for obtaining and using atmos-
pheric parameters in transforming spacecraft measurements into absolute
target reflectance signatures,

The RPMI's wide dynamic range (1 x 105) was found to be essential for
field measurements, which varied from 25 mW/cm? in Band 7 when
viewing direct beam solar irradiance to 0,02 mW/emZ2-Sr when viewing
water in Band 7.

Solar irradiance outside the atmosphere, when derived from RPMI
measurements, was determined to be within 5 percent in Band 4, 1
percent in Bands 5 and 6, and 1.2 percent in Band 7 of the NASA.-
published data,

Atmospheric transmittance was found to vary from 13 to 18% in the
ERTS bands during the January through May time period.

Energy scattered to the spacecraft from the atmosphere during 27 March
was determined to be equivalent to that produced by a target having a re-
flectance of approximately 11 percent in Band 4, 5 percent in Band 5,

3 percent in Band 3, and 1 percent in Band 7.

Analysis of ground-measured data acquired during the January through
May time period shows that this atmospheric radiance, which is a
function of sun angle (scattering angle), will vary in the order of 30
percent at the ERTS Sun angles existing at Michigan latitudes,

This atmospheric parameter was determined to be the largest source of
error, if not properly determined and removed from ERTS measure -
ments, when computing the reflectance of surface targets,

Reflectance from six inland lakes, derived from ERTS CCTs, show that
the deep water areas have an average reflectance of 4 percent in Band 4,
1 percent in Band 5, 0.25 percent in Band 6, and 0,15 percent in Band 7.

Direct measurement of the reflectance of the lakes with the RPMI indi-
cates that the average reflectance was 2 percent in Band 4, 1 percent in
Band 5, 0.25 percent in Band 6, and 0,04 percent in Band 7. In summary,
the ground measurements of reflectance are in close agreement with

those derived from ERTS data except for the value obtained from Band 4,

iii



e

Absolute reflectance of target within an ERTS scene was viewed by
transforming CCT data to reflectance units and, then, showing specified
reflectance levels as a color on a TV display and as a computer symbol
on gray-scaled printouts.

RECOMMENDATIONS

On the basis of the work performed to date, the following tasks are recom-

mended:

da

Continue to use the RPMI technique as a basis from which to develop and
inter-compare candidate techniques for correcting spacecraft data for
atmospheric effects, The additional RPMI field and rooftop measure-
ments are essential to the development of an understanding of the effects
of seasonal variations on atmospheric parameters, They are also re-
quired to complete development of correlations between measured atmos-
pheric parameters and other environmental factors, i.e., visual range,
cloud cover, etc.

Continue the analysis of other calibration techniques in order to identify
the elements of the most cost-effective calibration procedures, Special
emphasis should be given to techniques such as (1) procedures which use
little or no concurrent ground-truth measurements, i.e., use historical
atmospheric parameters and computer look-up tables to determine
parameters which may be a function of time, location, visibility etc.,

(2) radiation transfer models, such as Dr, R.S, Fraser’'s model at
GSFC, and (3) transfer calibration which uses reflectance determined
from ground-based spot sampling of large natural and man-made targets,

Undertake a concurrent program to determine the cost-effectiveness of
providing atmospheric corrections to a broad range of ERTS data appli-
cations, i.e., air and water quality monitoring, detection and monitoring
of strip mining operations, land use mapping, crop and soil surveys, etc,

iv
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1. INTRODUCTION

This report summarizes the results of the second 6 months of activity to
establish a radiometric calibration technique that will permit the absolute reflec -
tance characteristics of ground targets to be determined from ERTS spacecraft
data.

Previous reports have described the technical details of the Radiant Power
Measuring Instrument (RPMI), calibration of the RPMI, and procedures for using
the RPMI for obtaining the needed solar and atmospheric parameters. In this
report, the emphasis is on the procedures used and the results achieved in pro-
cessing ERTS computer compatible tapes (CCTs) and atmospheric parameters to
obtain the reflectances of test sites.

1.1 BACKGROUND

The need for target reflectance signatures evolves from the needs of individ-
ual Principal Investigators, NASA's requirements to correlate results of a large
number of investigators, and the pre-conditions of wide-area extrapolations of
ground truth data for automatic data processing techniques. Target reflectance
data are needed by all-man and machine systems to obtain the unambiguous
interpretation of ERTS data. In response to the need for absolute target reflec-
tance signatures, this ERTS-1 Experiment, PR303, is evaluating the capabilities
of a wide range of techniques for determining and removing solar and atmospheric
parameters and effects from ERTS data. Techniques being evaluated include (1)
transferring known ground reflectance to spacecraft measurements, (2) using the
ground-based RPMI to measure, directly, the needed solar and atmospheric
parameters, (3) using spacecraft data alone (no auxiliary inputs), and (4) using
radiation transfer models employing inputs such as surface pressure, ground
visibility, temperature, relative humidity, etc.

The approach taken has been to develop and deploy RPMIs to obtain solar
and atmospheric parameters in concert with ERTS overflights and to evaluate the
procedures for using these parameters to transform ERTS CCTs into absolute
target reflectance signatures. The capability of the RPMI and procedures for
obtaining and using the atmospheric parameters are being determined by compar -
ing reflectance computed from ERTS data with known values obtained from ground
truth measurements. Reflectance of the truth sites; located near Ann Arbor,
Michigan; are established by ground-based spot sampling with the hand-held RPMI.

Using the performance achieved by the RPMI technique as a basis, the effectiveness
of the alternative calibration techniques (radiation transfer models, etc. ) to correct
ERTS data for effects of atmosphere are being compared and determined.



Results of this experiment include a knowledge of the accuracy achievable by
the various calibration techniques, specifications for RPMIs optimized for ERTS
that permit direct measurement of atmospheric parameters and truth site reflec-
tance, and computer techniques for transforming ERTS CCTs into a new set of
tapes and images, corrected for atmospheric effects.

1.2 ATMOSPHERIC PROBLEM

The reflectivity, p, of a diffusely reflecting target, is given by

(1)

in which Lo is the radiance and H is the total (global) irradiance at the target
surface. When radiance is measured at a remote distance, the detected value, L,
has two components; a target value Lp 7, where v is the atmospheric transmission
from target to sensor, and a component caused by the atmospheric radiance, La-
The desired target reflectance in terms of the remote radiance measurement, L,

is then

T
T " H (2)
The target irradiance, H, also has two components; one caused by the direct
sun, denoted Hsun cos Z (in which Hsun is the irradiance on a surface normal to
the sun's rays and Z is the solar zenith angle) and a component caused by the sky,
denoted Hsky' Expanding H of Equation 2 in terms of the direct sun and sky com-
ponents result in

i (L-LA)' ™
P T(H coszZ+H
sun s

] (3)
ky

For a remote sensing system looking vertically downward, T is the atmospheric
transmission of one air mass. If m is the number of air masses referenced to the
zenith air mass (for which m = 1), the atmospheric transmission through some
other value of m is given by v™., The direct sun component of target irradiance,
Hgyn in Equation 3, can be subdivided as

H = H + , (4)



in terms of the solar irradiance normal to the sun's rays outside the atmosphere,
Hy. Combining Equations 3 and 4, the desired target reflectance, p, in terms of
ERTS radiance, L, measurements is

(L - LA) oo
o = — : (5)
T(H 7 cos Z + Hsky)

where Las 7o Ho‘ m, cos 7, and Hsk are the solar and atmospheric parameters
that must be known to accurately compute target reflectance.

In computer processing of ERTS CCTs, the parameters L, Ho’ m, and Z of
Equation 5 are easily and quickly determined. Target counts, ¢i, are recorded on
ERTS CCTs and, when the tape data has been decompressed and radiometrically
corrected (which it normally is), the counts are easily transformed to the desired
target radiance, L of Equation 5, by

2
Li = < Ki. mw/cm~ - Sr , {6)

where i indicates MSS band number and constants K; are determined as described
on Page G-14 of the ERTS Data User Handbook. The constants K; are equal to:

2.48 2. 00 1.76 4.6
Ky = 127 » B = 37 0 By = 37 » and Ky = 77

where the numerators are the maximum specified radiance (in mW/cm? -Sr) as
given in Table G, 2-2 of the handbook and the denominators specify the corres-
ponding maximum counts in each band.

The sun zenith angle, Z, is computed from Z = 90 - 6, in which the sun
elevation angle, 8f, is also extracted from the ERTS CCT. For sun zenith angles
less than 60 degrees, the air mass, m of Equation 5, is given to an accuracy better
than 0.25 percent by m = sec Z. For larger sun angles, a more accurate value is
given by Bemporad's formula

m = sec Z - 0.001867 (sec Z - 1} - 0. 002875 (sec Z - 1)2 - 0.0008083 (sec Z - 1)3.

(7)



The solar irradiance, H,, outside the Earth's atmosphere is well known and
can be determined from the published data (Thekaekara, 1971) or derived from
RPMI measurements by the procedure described in Section 2.1.2. Values obtained
from RPMI and Dr. Thekaekara's data for a mean Earth-Sun distance of 1 astron-
omical unit (AU), equal to 1.496 x 1013 ¢m, follow in Table 1.

Table 1. Seolar Irradiance, Hy, (1 AU}
- RPMI Thekaekara
MSS Band (mW/cm? -Sr) (mW/cm? -Sr) _
4 18.65 17.7
5 15,11 15.15
6 12,33 12. 37
3 7 25.17 24.88

The solar irradiance specified in the table will vary with changes in Earth-
Sun distance by less than six percent over a 12-month period. If desired, the
values specified (for 1 AU) can be corrected for the precise Earth-Sun distance at
the time of ERTS overilight by factors also given in Dr. Thekaekara's report.

If accurate spectral reflectance of the surface targets are to be derived, the
remaining solar and atmospheric parameters needed for Equation 5, namely La, 7,
and Hgky, depend on the specific atmosphere within the scene and must be deter -
mined for the specific atmosphere existing at the time of ERTS overflight.



2. RESULTS AND DISCUSSION

To facilitate comparison between the four major intermediate goals of this
program, listed in the preface of this report, and the work performed, the discus-
Sions in each of Sections 2.1 through 2.4 correspond, in order, with each of the
four goals.

2.1 GOAL 1, DETERMINING ATMOSPHERIC PARAMETERS FROM GROUND -
BASED RADIANT POWER MEASUREMENTS

2.1.1 RADIANT POWER MEASURING INSTRUMENT

The Radiant Power Measuring Instrument (RPMI) shown in Figure 1 was
developed specifically for this investigation to obtain the complete set of solar and
atmospheric measurements needed to determine target reflectance from the ERTS
radiance data., The design and fabrication of one engineering model and four proto-
type models was completed in January of 1973, A new technology report was also
submitted at that time. The RPMI and its characteristics have been well docu-
mented in previous reports so only a brief summary is included here.

The RPMI is a rugged, hand-carried, portable instrument calibrated to
measure both down-welling and reflected radiation within each ERTS MSS band, A
foldover handle permits a quick change from wide-angle global or sky irradiance
measurements to narrow angle (7.0° circular) radiance measurements from sky
and ground targets.

The RPMI's wide dynamic range (1 to 106) wasg tailored to permit measure-
ments to be made over the full range of solar and atmospheric parameters en-
countered by ERTS investigators. These extremes have been found to include direct
beam solar irradiance up to 25 mw/cm? in Band 7, sky radiance as low as 0,077
mw/cmZ-Sr in Band 6, and radiance reflected from water surfaces in Bands 6 and
7 as low as 0.02 mw/cm2-5r, The RPMI measurements are traceable to a National
Bureau of Standards source to an accuracy of 5 percent absolute and 2 percent rela-
tive from band to band. The RPMI calibration is also checked, from time to time,
against the NASA Goddard calibration source to ensure uniformity between RPMI
and ERTS MSS measurements.

2.1.2 ATMOSPHERIC PARAMETERS FROM RPMI TECHNIQUE

To develop an understanding of the magnitude of the solar and atmospheric
parameters that degrade the radiometric fidelity of ERTS data, a measurement
program was established to perform field measurements with an RPMI on every
suitable ERTS overpass. The initial measurement procedures developed from



RPMI assembled

Global Irradiance (H) — 27 steradian field of view for
measuring downwelling (incident) radiation ERTS
MSS bands. Bubble level aids this measurement,

Sky Irradiance (H Y] — Block sun to measure global
irradiance minus diréct sun component, in every ERTS
MSS band. Angle from zenith to sun is also measured

in this mode by reading sun’s shadow cast on sun dial.,

Reflected Radiation — Used with small calibration
panels and cards, to obtain direct measurement of
truth site reflectance. Reflectance also immediately
derived from ratio of reflected radiance and global
irradiance.

Radiance from Narrow Solid Angles of Sky — Handle
serving as field stop permits direct measurements
through a 7.0° circular field of view. This mode is
also used to measure direct beam irradiance.

Figure 1. Radiant Power Measuring Instrument




this experience were reported at the NASA symposium on significant results, held
in March of 1973 (See NASA SP-327, Volume I). This report expands upon these
earlier findings.,

The RPMI is deployed in concert with ERTS overflights as shown in Fig-
ure 1 to obtain the direct measurements, within the four ERTS MSS bands, of
(1) global irradiance, H, (2) sky irradiance, Hgky (i.e., by shadowing sun and
reading global minus direct beam-solar), (3) radiance from a narrow solid angle
of sky Lyyras (¢), and (4) direct beam solar irradiance, Hgyp(m). From these
measurements, additional solar and atmospheric parameters, such as beam
transmittance, T; path radiance, La: and direct beam solar irradiance above the
atmosphere, H,, are determined. With these parameters, Equation 5 may be ap-
plied to transform the ERTS radiance measurements, L, into absolute target re-
flectance units. A summary of the techniques being evaluated for obtaining the
needed atmospheric parameters with an RPMI follows.

2.1.2.1 Global Irradiance

Global irradiance, H, is measured directly in each ERTS MSS band as
shown in Figure 1. Additional accuracy in H can be obtained by measuring the
direct beam solar irradiation, Hgyn(m), and sky irradiance, Hgky (direct Sun
shadowed out), and then computing the total target irradiance, using

H = Hsun {m) cos Z + Hsky . (8)

The sun angle, Z, may be read from the sun dial on the side of the RPMI after
leveling the instrument with its bubble level.

2.1.2.2 Direct Beam Solar Irradiance

Direct beam solar irradiance, Hgyy,, is measured by pointing the instru-
ment directly at the Sun with the telescope in place and recording the irradiance
at each wavelength.

2.1.2.3 Beam Transmittance

Beam transmittance, 7, per unit air mass is determined directly from

H L
- :(Hsun )m (9)

o]

when the solar irradiance outside the atmosphere, Hy, is known., The air mass
is calculated from the solar zenith angle, using Equation 7.



2.1,2.4 Beam Transmittance and Solar Irradiance Qutside the Atmosphere

Beam transmittance, T, and solar irradiance outside the atmosphere,
Hp, can be determined by making a series of Houn Mmeasurements and then plotting
an 'extinction'" curve as shown in Figure 2. For this case, Hyyn is plotted on a
logarithmic scale as a function of air mass. The intercepts of the lines with the
vertical axis (i.e., at m = 0) gives H, in each ERTS MSS band. The beam trans-
mittance per unit air mass, v, is then computed from either Equation 9 or from

Hsun (ml) m -my
RS- : (10)
sun 2 .
where
H (m_ ) = direct beam solar irradiance at air mass m._.
sun 1 1
Hsun (mz) = direct beam solar irradiance at ancther air mass, m,.

It can be shown that the slope of the extinction curve is log T, and Equation 10
follows directly.,

The value of Hy (i.e., Hgyn at m = 0), once determined for each RPMI
band, may be used to test and/or recalibrate the RPMI, using the Sun as a source,
at any location in the world.

Results of field measurements for January through May of 1973 are re-
corded in Table 2. The results show that the beam transmittance (per unit air

mass) varies from 13 to 19 percent.

Table 2. Beam Transmittance per Unit Air Mass

MSS Band Measured Transmittance Range

4 0.697 to 0,856
5 0.770 to 0.902
6 0.812 to 0,940
7 0.843 to 0.975
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2.1.2.5 Sky Irradiance

Sky irradiance, Hsky’ is measured by leveling the RPMI with the built-in
bubble level so that the diffuser is horizontal with the target surface and can receive
irradiation from 2 7 steradians., Hgky is the irradiance recorded when the direct
beam Sun is shadowed out using an opaque object.

2.1.2.6 Path Radiance

Path radiance, Lp, is the energy reaching the spacecraft from Rayleigh
and aerosol scattering by the atmosphere. As path radiance cannot be measured
directly, it must be derived from ground-based sky radiance measurements of the
backscatter. The simplest technique is to use the RPMI to measure the sky rad-
iance, LMEAS (9), scattered at angle ¢, as shown in Figure 3, such that ¢ is iden-
tical to ¢!, the angle through which radiation is scattered to the spacecraft, and
then to correct this measurement for the difference in ajir masses between the dir-
ection of observation and the direction of the spacecraft. This technique provides a
straightforward measurement procedure when 7 > 45 degrees. If Z < 45 degrees,
atmospheric modeling is necessary to extrapolate from the available measurement
angles to the desired scattering angle. When LMEAS is recorded at an angle equal
to the scattering angle to the ERTS, the path radiance, La, seen by ERTS is

_ ' 1.~
La® “MEas (—Ec) ’ (11)

1-
in which mg is the air mass in the direction of observation (in this case mg = L
and 7, as previously defined, is the atmospheric transmission per unit air mass. B
The validity of this formula has been demonstrated by Peacock and Rogers (1973)
and discussed by Duntley, Gordon, and Harris (1973). Equation 11 is adequate
when the atmospheric measurements are made concurrent with the ERTS overflight
(i.e., at a sun angle close to the one at the time of the ERTS flyover).

)

A correction factor, TEgrTg/T7, must be applied to Equation 11 to derive
the path radiance, Lj, viewed by the spacecraft if the time between the ERTS over.
pass of the test site and the sky radiance observations is significant, An approach
for determining this correction factor is also shown in Figure 3.

Sunlight entering the atmosphere at an angle Z, as shown in Figure 3, is
scattered at altitude-h into the direction of the observer at point 0. The energy
available for scattering depends on the atmospheric extinction coefficient, Th,
measured from outside the atmosphere to altitude h. The attenuation is given by
exp (-Twh - m). The energy scattered is a function of the scattering coefficient, ap,
at altitude h. Thus, the energy scattered in the direction of the observer from
altitude h is proportional to

10



exp (-T

- m) o, . (12)

h oo h

The average attenuation, for all altitudes, suffered by the energy in passing from
the sun to point x is given by

z exp (--rhw - m) - ey
T= N , (13)

N)
N

in which N defines each atmospheric altitude used in the summation. Use of the
value g}, in the equation expresses the importance of h in contributing energy at the
observer location point, 0. A normalizing factor is included in the denominator.
Values of Ty, and e} have been tabulated (Valley, 1965). To adjust 7 ,h from a
standard atmosphere to the actual atmospheric conditions at the observer's location,
T woh 18 multiplied by exp {(-T o)/ T, in which T is the measured atmospheric trans-
mission and 1,0 is the extinction coefficient for a beam traversing one atmospheric
air mass of a standard atmosphere. This is also given by Valley (1965). Variations
in T are small, so the error in using a corrected standard rather than a real atmos-
phere is small,

Thus, a complete formula which gives the sky radiance, Lp, at the time
of the ERTS overpass from LprAS made at another solar zenith angle and air mass
is

T

0 Z

in which ¢, the scattering angle to the observer, equals the scattering angle to
ERTS, and TrrTg and Ty are given by Equation 13 for the zenith angles at the time
of the ERTS passage and the time of the Lyspag readings.

The validity of this equation is demonstrated in Figures 4 and 5. Figure
4 shows ground-based sky radiance measurements as a function of the scattering
angle for a range of solar air masses, Each of the curves was ohtained by pointing
the RPMI at the Sun and then sweeping the RPMI in azimuth and in elevation, taking
sky radiance readings at 10-degree intervals. Alongside each curve, the solar air
mass at the time of the observations is given. The curve defined by the open squares,
which falls steeply, is for a range of solar air masses, and was produced by re-
cording the zenith sky radiance over a period of several hours. Application of
Equation 14 to these data in Figure 4, assuming TErTs = 1, gives the results
shown in Figure 5. Except for about +5 percent of scatter, all the points now

11
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follow the same line. By selecting Lo from the curve at the scattering angle which
exists at the time of ERTS overflight, and multiplying this value by TErTS, the
desired value of Lo at the time of the ERTS overflight is determined.

Analysis of plots, such as the one shown in Figure 5 for the January
through May time.period, show that, for scattering angles (110 to 150°) expected
at the Michigan test site latitudes, path radiance can be anticipated to vary from
about 25 to 30 percent,

These observations are continuing in order to establish the repeatability
and the accuracy of the derived Lp when measurements at only one or two angles
are used.

2.2 GOAL 2, DETERMINING TARGET REFLECTANCE BY GROUND-BASED SPOT
SAMPLING TECHNIQUE

Technigues for determining absolute reflectance of large natural and man-made
targets from ground-based spot sampling have been developed. One technique is to
measure radiance from the target and to ratio this measurement within direct sun
and sky irradiance measurements. The other technique, transfer calibration, makes
use of panels of known reflectance.

2.2.1 USING SOLAR AND ATMOSPHERIC PARAMETERS

Section 2,1 describes the procedures for determining the solar and atmos-
pheric parameters needed to transform, by Equation 5, ERTS radiance measure-
ments, I, into reflectance units. This same procedure is also applicable to trans-
forming target radiance measured by aircraft or from ground sensors into absolute
target reflectance,

When determining reflectance from ground-based radiance measurements,
LT, it is usually sufficient, because of the short path length between the target and
sensor, to assume that the atmospheric attenuation is unity (v = 1) and that the back-
scatter from the atmosphere is zero (La = 0). In this case, Equation 5 reduces to

_ L
P= Hgyp cos Z + Hgly (15)
where:
L = RPMI radiance measurement (W/m?2 - Sr) made by aiming the

RPMI telescope at the target.
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Hgyn = direct sun irradiance (W/m2) made by aiming the RPMI telescope
directly at the sun (this is also Hy T1),

Z = sun angle in degrees, measured from the zenith.

Hgky = sky irradiance (W/m2) made with the telescope off and the RPMI

level and viewing the total sky with the direct sun blocked out.

Details for implementing this procedure with the prototype RPMI units are
discussed in Appendix A,

2.2.2 APPLYING TRANSFER CALIBRATION

If the procedure described in Section 2.2, 1 is used to establish the reflec-
tance of test panels in each ERTS band, the calibrated test panels can, in turn, be
used as points of reference to determine, by "transfer calibration', the reflectance
of unknown surfaces. Since the RPMI provides an output that is linear with target
reflectance, the procedure is, simply, to aim the RPMI at the calibration panel(s),
note the meter indication, aim the RPMI at the target of unknown reflectance, and
again note the meter indication. A straight-line extrapolation transforms the meter
indication obtained from the unknown target to a reflectance value.

For example, Figure 6 is a plot of the RPMI meter indication versus the
reflectance of four cardboard panels, denoted A, B, C, and D. The absolute re-
flectance of the panels was determined for each of the ERTS bands as described in
Section 2.2.1. The panels have a matte finish and are approximately these colors:

Panel A - medium brown.
Panel B - white,
Panel C - black,

Panel D - medium green.

The relationship of RPMI indications to percent reflectance in each band is noted to
be a linear function. The reflectance calibrations of these panels are checked per-
iodically by the procedure described in Section 2. 2.1 to test for any change in
reflectance that might be caused by fading or other pigment changes,

On 13 July 1973, the reflectance of Forest Lake water was estimated from
a boat using this method, as illustrated in Figure 7. RPMI readings were made with
the instrument held one meter above each panel. Immediately afterward, readings
were taken with the instrument held one meter above the lake surface and just below
the surface. The resulting reflectance values are shown in Table 3.

14
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Table 2. Percent Reflectance of Forest Lake Water on
13 July 1972

RPMI ERTS Spectral Band Band Ratics
Position 4 5 6 7 | 4to5 4 to 6
Above
Water 1,225 0. 850 0.575 0.425 1. 44 2.13
Below
Water 0.730 0., 485 0.210 0.075 1.51 3.48

Notably, readings taken above water are greater than those taken below
water because of some specular reflectance from surface wavelets. However, as
expected, the band ratioc (Band 4 to Band 5) of upwelling light is smaller above
water because of a selective loss of shorter wavelengths reflected back downward
from the undersurface (Hutchinson, 1957). Of these, the above_water measure-
ments should be more like those recorded by ERTS.

2.3 GOAL 3, DEVELOPING PROCESSING TECHNIQUES TO CORRECT ERTS
CCT FOR ATMOSPHERIC EFFECTS

Computer software, techniques, and procedures for transforming ERTS CCTs
into data and images corrected for atmosphere are being developed in the Bendix
Earth Resources Data Center {ERDC) pictured in Figure 8. The nucleus of this
center is a Digital Equipment Corporation PDP-11/15 computer with 32 K words of
core memory, two 1.5 M-word disc packs, two 9-track 800 bpi tape transports, a
line printer, a card reader, and a teletype unit. Other units are an Ampex FR-2000
14-track tape recorder; a bit synchronizer and tape deskew drawers which can re-
produce up to 13 tape channels of multispectral data from high density tape record-
ings; a high-speed hard-wired special-purpose computer for processing multi-
spectral data; a 70-mm laser film recorder for recording imagery on film; and a
color moving -window computer~refreshed display.

Computer software and techniques for handling ERTS CCTs have been deve-
loped to perform functions that include:

a. Reading and printing out housekeeping data. Data of specific interest
includes scene number, tape number, whether data is compressed or
decompressed, date, latitude and longitude of scene center point, sun
elevation angle, and whether data is radiometrically correct.
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b. Transforming ERTS data into reflectance of surface targets. This pro-
- cess includes reading atmospheric parameters v, Ho, Hgky, and La,
as defined by Equation 5, from punched cards. Sun zenith angle, Z,
and air mass, m, are computed from the sun elevation angle on tape.
Target counts on tape are transformed into radiance (as specified in
Section 1. 2) and into target reflectance by Equation 5.

c. Displaying color-coded TV images of target reflectance. After comput-
ing target reflectance as indicated in b above, the reflectance level is
assigned one of 16 colors on the TV monitor. The reflectance range of
interest and color combination is easily changed to optimize viewing
of the desired target characteristics. This is a very fast procedure,
and permits viewing of a complete ERTS tape in several minutes.

d. Producing reflectance gray scale printouts. Similar to ¢ above, except
reflectance is assigned to one of 12 computer symbols.

e. Generating statistical edit. The TV monitor or gray scale printout is
used to locate coordinates (by resolution element number and scan line
number) of the areas of specific interest, such as deep water areas in
lakes, etc. These coordinates, input to the computer on punched cards,
specify areas on the ERTS tape which are used to compute on a per band
basis; average target count, standard deviation, average radiance, and
average reflectance.

Examples of these processing techniques and others follow in Section 2, 4.

2.4 GOAL 4, EVALUATING CANDIDATE CALIBRATION TECHNIQUES

Different approaches for computing target reflectance from ERTS data are
being investigated in the ERDC, Some of these are summarized in the block dia-
gram of Figure 9. The approach illustrated in the figure that leads to the most
accurate transformation of ERTS data to reflectance is the application of Equation
5 and the full set of solar and atmospheric parameters, L, H,, 7, and Heky, 28
defined in Section 1. 2.

Another approach, also illustrated in Figure 9, operates on the assumption
that RPMI measurements concurrent with the spacecraft overflight are unavailable,
In this case, the objective is to make best use of atmospheric parameters deter-
mined from previous RPMI missions; i. e., historic values which have been stored
in the computer data base. The accuracy of computational strategies, such as
assuming that some of the atmospheric parameters can be neglected (i.e., La = 0),
assuming that some are the same as those derived from a standard atmosphere,
etc. are also being explored.
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The accuracy of each approach is being carefully determined by comparing
reflectance generated from ERTS tapes to reflectance of ground truth targets whose
reflectance is measured directly with the RPMI, This step is also shown in Figure

9.

These approaches to computer processing of ERTS CCTs are illustrated
below, using ERTS data acquired on 27 March, 14 April, and 21 May over Lake
Huron and four small lakes, Orchard, Lower Long, Forest, and Island, located
in Oakland County, Michigan. The locations of the lakes are shown in Figure 10.
Personnel from Bendix, Cranbrook Institute, and Oakland University deployed (1}
RPMIs to measure atmospheric parameters and spot reflectance of the lakes, (2)
a Secchi Disk to determine the depth of light penetration into the water, and (3)
Forel-Ule instrumentation to determine water color. The NASA C-130 aircraft
provided photographic and scanner coverage of the lakes and panels of known re-
flectance that were deployed at Willow Run Airport.

One of the first data reduction steps is to transform RPMI measurements
into a complete set (Hg, T, Hsky, and LA) of solar and atmospheric parameters.
These parameters, derived from RPMI measurements by the procedures described
in Section 2. 1. 2, are recorded in Table 4.

Table 4, Atmospheric Parameters on 27 March 1973

Band Number

Parameter 4 ] 5 6 7
Solar Irradiance 18.62 15, 2 12,55 25. 58
outside Atmosphere, H,

(mW/em?2)

Beam Transmittance, T 0.752 0.824 0.852 0. 877
Sky Irradiance, Hgky 1.9 1. 25 0.9 1. 46
(mW/cm?)

Path Radiance, L 0. 268 0.127 0.081 0.103

(mW/cm? - Sr)

Sun Zenith Angle, Z 48, 0°
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Two methods of utilizing the atmospheric parameters to produce ERTS im-
ages corrected for atmospheric effects have been evaluated. Both methods utilize
Equation 5 to first transform ERTS data to absolute target reflectance, thereby
removing the solar and atmospheric parameters in the process. For one method,
the reflectance level is used to produce a color-coded image in which the color
designates a specific reflectance level. For the other method, the reflectance
level is used to produce a ''gray-scaled" computer printout in which a symbol des-
ignates a specified reflectance range.

Figure 11 shows the color-coded TV display of reflectance patterns in
Orchard and Cass Lakes in ERTS channels 4, 5, and 7. Orchard Lake is approxi-
mately three miles on a side, and the scene shown is approximately five miles on
a side. Interferences caused by a "banding effect" are apparent as horizontal
‘lines, particularly in Bands 5 and 7. A gray-scaled reflectance printout of Band 4
of Orchard Lake is shown in Figure 12 for comparison with an aerial photograph
taken on the same date. Figure 13 shows Orchard Lake in the aerial photograph,
on TV display, and in a gray-scaled printout.

Within the gray-scale printouts of Orchard Lake, shown in Figures 12 and 13,
six discrete levels of reflectance can be observed in Band 4. Over the six test
lakes, up to seven levels were observed in this same band. The distribution of
computer symbols indicating a reflectance ranging from 3.1 to 5.5 percent cor-
responds, generally, with the known deep-water areas. Shallow waters in this
same band (bottom visible in the aerial photograph) correspond to a reflectance
distribution in the order of 5.5 to 8.7 percent. The progressively more reflective
areas within that range compare fairly well with shallower and shallower water,
Reflectance levels from 8,7 percent upward correspond to land,

To obtain statistical information (i. e., average counts, average radiance,
average reflectance, standard deviations, etc.) on specific target areas, such as
the deep water in Orchard Lake, the gray-scale print-out is used as a map to
establish the coordinates of the target, using scan-line count and resolution ele-
ment numbers. These coordinates, input to the computer, define data areas (edits)
where the desired statistical computations are performed. The deep water areas
denoted by the dashed boxes in Figure 14 were chosen to demonstrate this process,
To obtain the average reflectance of each specified area of interest, the solar and
atmospheric parameters, as defined by Equation 5, are also, of course, a neces-
sary input to the computer. The computation steps for each specified area and
each ERTS band include:

22



€e

ERTS Band 4

ERTS Band 5 ERTS Band 7

Figure 11. Comparison of Orchard and Cass Lakes Using
Color Reflectance Displays and an Aerial Photograph



Figure 12,

connGeGooCcCccoccCccCcCcanhgegdaouctcccCongbesnasaeasensned
008Q00N0000PON0O0RBEIREB00BBAQ0000000BERARSRACESORREN
ODBBGCBeRsRROBRNCDRERRERRB00BEBBBCCCB R 0RR0RRERE0ERRER

gocessegeeeQbobBsQeREQRBROBOBBDROR0E00E
LLEELLELE T L Fiseldeieled T 1 T 14100 Ll delel del 1401 |

CBQRECRBRERERBRERBBBO0RGERNN0NONN0000N00G0GBEBRGCASRENER
QLGP aes NP EREBRBRBG000RAN0A00NRS0000RA00GRC00BRsAERESED
PC0CeReRERRRERERBBTONIRRARR0RRA00000000000CEA0G0880ERD
8G0CBeeepERR2QEG0000C0000000D0NNODN00RO0DCOCC0DC0OBNEBARAD
s8ebeeeebBBOIO0OROCCORCCLCCON0RAD0CO000NCOCOCO00COEGR0BER
s8R eBO0BOOOPO0CB00N00000EP00BNYBOO000000CO00D0000BB0RES
§8080000000CBAOBABAGRNOBBBBRBEEOBAB00N00000CON000GBBEAEYD
[T LY [elefrlodsle] Telefeleleleolslolaledelel. ] 1.Ic] Ieelcieelolololofaledafedels uleleRelel [ T 1.1¢).
l'lllll!QUBl.ﬂﬂﬁQUDUUDQG8BBIDGGBGUBGODOOBOOﬂQUGGGBlllGBB

gsaspeBpBBRERERERONODN0N0000000C00S00000N0000000000BE0E
0pBBRRgBBEReseReQBR0CO00000000GBBAERN0GENRN00IRABESEEERER
e0EDEEENERDEEREERRGONCOCOACOORAAGR000O0N000000AGEERERREE
SEEPBRROBRRRI0RBRRR0GG0GR00C0RERBAO000NGORARAAGESRREEE
SePREBRRBEEBGOGEN000GAGEO0000D0000GERE

BEBBBERSEAN000NY00000000000BRE
8QBBOBBABBA00000000RD000GABYB
88GGE6LAERE00000C00G0TAGE
90E0REE0EEERERE00RPEBBGGGENEEE000G0000000GIBES000E00000
288008098 E036000GBBEPBABGO0RG00N0N000000GBIEZERANCRR0E0E

SEERESOI0I0000BABBBEBBBON0000000BEBBEEERE0008
(1] 1L L3 Telodafololel=l-T1°3-1-F 1 ] |
essbabdes

CHARACTEFR REFLECTANCE RANGE

A, A0 - 7,006
. n,010 = B, 214
/ A.01B = 227
£ n,0%1 = 2,035
0 7,039 = 0,047
0 @,751 = 2,855
0 2,059 = 7,067
¢! 2,071 = 7,075
B n,279 = 2,087
g f"ﬁ.ggl hiid .'«'q"
L 2,299 = ?.,170

Comparison of ERTS Reflectance Printout
and Aerial Photograph

24



SCENE/FRAnE 1D 128t

ss1a TaeE
ampr  weay 8
1an

48070051 1308

nanrenags
81a00AILEE|

90¢0E3CoENNIO00E 0308
3060OCACADDINANCOIAN

BECCEECOCEELNCCLLLLE

"3808
7308G03NC0B20000 AN A0S
B30SEE 300811008 130080 ANCANIGEESL AT

398ERITCCEEIICCLLECODDDED! 00 CECO%

80920¢
208860A0CADNCO00N!

1 £
BGOTNCO0CEOECCOONIOCANIOCEDINA0E,
BBOOCEELOCCCEEACCEEEECEEECEOLaNOCEDal

B300CAD!

9805cD oy S R
9530006CAAFGHCEOOCARIDCOOCEIOCC DN

Aerial Photograph

A T
e 40 BEBNCNDN 5
2092320600 B 888352354888
#00E000462R000E00300!

8000 0I00CI006888NT 0
#00600E00E 122G60E0ANNIN0CCR!
»

1860120000 £I0CED!
8GOCOECCCLEECO0RD

o
2007 £0790RAIN0CEEDL

B0ACCECCCOBNDNCEDNA

§30AOOE /CCCRECEC

ST ENE]

-sur Lars

Reflectance Gray Scale Printout

TV Display of ERTS Reflectance

Figure 13. Comparative Views of Orchard Lake

25



15
Mt JLda

Lawe Angeh;_b.- LaF\élmg Field :

 McMath-Hutert
Observatory | ' -

ke Angﬁlus‘ ot Ty ¢

-
Y [
lk:.-l?‘"‘ i

b

Schoolkouse

\

- ,
Yea

Shver Lake
Golf Coursa-

ih‘erl -l..a](e Sech

-
.
1 - ——

Coa : [
-'t\‘pvpr Sch i
NEW YORK

i I A T
sherfrecoy * M
ol I 4o
CHOPKING
i

!‘r’F‘.".‘JL{lNT( ]‘
- S

; :
n i
i - a0 =
i - ?
__iif«/_, [N |'1
i u - -
! {
1 A
S0 - i"- B ¥ 1_2
< i ¢
i; [P e
FALRMOUNT,
S -4 1; Fo oy
i t Watdr Tan
i R I R
l‘ wi i )
e e CORNELY '5&;,--4
2 3 .
Y ‘f‘: ] [
z‘ % 1 LS :T M E ' -g
"B\l b NG SO E

Scale 1:24, 000

Figure 14. Study Lakes 26



A
/}::‘:\;*“ s

;.

N
AR

-

N
o I il :
G L5
- - _ T n
18 T .l S
i - N iy .‘

R

S

o ‘rehard Lake

ORCHARD

Figure 14, Study Lakes (Cont. )

27



" Drive-ind) - [
= p-“'a_ief{‘ . Lo L

=

Izuryr_n

HEG AN

Whitlier Beb
e

:
Radio Towe:s | 3
(WPON; || v
)

-~

{7 Wabeek m—.ﬁ

I T

o .
SEA DA
A TTNE A b Latke

oo
-

:
1

Figure 14. Study l.akes (Cont.)



a. Computing average signal count.
b. Transferring the average signal count to radiance by Equation 6.

c. Using this radiance value to compute, by Equation 5, reflectance, which
transformg ERTS radiance measurements and solar and atmospheric
parameters into the desired absolute target reflectance.

Application of this process to the deep water areas of lakes (Huron, Orchard,
Lower Long, Forest, and Island Lakes) resulted in the data of Table 5.

The table also includes lake reflectance measured directly with the RPMI, as
described in Section 2, 2, and water transparency and color estimates made con-
currently on the lakes. Finally, the ERTS and RPMI MSS band ratios (Band 4 to
Band 5) are compared.

The test lakes are listed in the table in order of increasing trophic level, as
indicated by their transparency and color values, On comparing the ERTS and
RPMI data by MSS band, the following trends are noted:

a. Bands 4 and 5 - ERTS values are consistently larger than RPMI values
{except for Orchard Lake, Band 5).

b. Bands 4 and 5 - The proportional differences between ERTS and RPMI
data increase.

c. Bands 6 and 7 - ERTS values are consistently smaller than RPMI values.

d. Band 4 to Band 5 ratio - ERTS ratios are consistently larger (although
both ERTS and RPMI ratios decrease).

The significance of the differences between ERTS and RPMI is hard to assess
with so few data. However, it appears that either ERTS MSS is not fully calibrated,
as expected, or atmospheric corrections for the ERTS data are not yet fully ade-
quate. The margin of error seems to vary with wavelength. Yet it is important to
note that the band ratios (Band 4 to Band 5) in beth ERTS and RPMI data follew an
expected pattern; that is, the proportion of green to red upwelling light decreases
as the lakes become more turbid and brown-colored. Jerlov (1968) has described
the same kind of relationship for ocean waters, as shown in Figure 15(a). Clarke
et al. (1970) also presented radiometric curves of Atlantic Ocean water, showing
that a spectral shift toward longer wavelengths was correlated with increasing
chlorophyll content, as shown in Figure 15(b).
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Table 5. Percent Surface Reflectances of Llakes, Recorded by ERTS and RPMI Sensors
on 27 March 1973, Compared to Water Transparency and Color on the Same Date

MSS Band MSS Band
Ratio Transparency orel-Ule
Lake Sensor 4 5 6 7 (4 to 5) (Secchi Depth) olor
Huron ERTS 4.40 0.060 © 0 73.33 No readings
RPMI No readings taken taken
Orchard ERTS 4,00 0.520 0 0 7.69 4 m 10
(Station 8) RPMI 2.38 0.717 0.218 0 3,32
Lower Long ERTS  3.60 1.20 0.270  0.150 3.00 4.0 m 14
(Station 4) R PMI 1.84 0.997 0.490 - 1.85
Forest ERTS 3.30 1. 20 0 0 2.75 2.8 m 16-17
(Stations 1 and 2) RPMI 1.34 0.997 0.474 - .34
Island ERTS 3.97 1.60 0.350 0. 370 2.48 1.6m 16
(Stations 5 and 6) RPMI 1.610 1.010 0.460 0.0767 1.59
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To establish the effect of atmospheric scatter (path radiance), Lp, on the
accuracy of computing reflectance of lakes from ERTS data, the same lake edits
were processed using RPMI-derived LA values and using Lp = 0. The results of
this processing are shown in Table 6 and establish that, if L.p is ignored (i.e.,
assumed zero), then errors of 400 to 500 percent result when attempting to deter-
mine the reflectance of water surfaces. That is, the lakes have a reflectance of
approximately 4 percent in Band 4 and 1 percent in Band 5, whereas the apparent
reflectance of the atmosphere in Band 4 is 11 percent and in Band 5 is 5.5 percent.

Table 6. Percent Lake Reflectance Derived from ERTS Data,
Showing Effects of Atmospheric Scatter, Ly

Band 4 Band 5
Lake T.- 0.268 N Ly = 0.127 La =0
Huron 4.4 15.6 0.06 | 5.5
Orchard 4.0 15.1 0.52 6.0
Lower Long 3.6 14,7 1.2 6.6
Forest 3.3 14. 6 1.2 6.6
Island 3,97 15,0 1.6 7.1

To evaluate the possibility of using historical values of atmospheric para-
meters to reduce ERTS data, atmospheric parameters determined for March were
used to process April and May CCTs, The results of this trial are recorded in
Table 7 and show errors that also range up to 400 percent. The error here, how-
ever, is not as large as that which results from neglecting path radiance completely;
i.e., Lp = 0. The error in this reflectance computation is caused primarily by the
improper choice of L, which can not be assumed to be a constant. This could
have been predicted since the scattering angle, ¢, varies from month to month with
the sun angle, i.e., ¢ = 180-Z. A technique for obtaining a better prediction of
L is being developed.
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Table 7. Percent Lake Reflectance Derived from ERTS Data,
Showing Effect of Using March Atmospheric Parameters
to Compute Lake Reflectance in April and May

Orchard Lake Lower Long Lake Forest Lake

MSS Band § March | April [May | March [ April [ May | March | April] May

4 4.0 5.7 8.5 3.6 5.8 7.6 3.3 5.8 7.5
5 0.52 2.1 5.1 1.2 3.0 4.2 1.2 3.2 4.3
6 0 0.98 4.1  0.27 2.5 3.9 0 2.5 4.3
7 0 0.23 3.9 0.15 2.7 3.5 0 1.9 4.0
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3. NEW TECHNOLOGY REPORT

A new technology report which described the RPMI was submitted to the
Goddard Space Flight Center in January of 1973.
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4. FUTURE WORK PLANNED

The research reported here is continuing. Field measurements with RPMIs
are made on every suitable ERTS overpass of Michigan test sites. The performance
achieved by the RPMI calibration technique is being used as a baseline to compare
effectiveness of alternative techniques to correct ERTS data for effects of atmosphere
. that degrade radiometric fidelity of spacecraft data.

The final report on this effort will be developed and submitted to NASA prior
to April of 1974,
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5. CONCLUSIONS

The significant conclusions which can be made at this time include the fol-

lowing:

a.

Results of computer processing of ERTS CCTs and atmospheric param-
eters derived for the 27 March mission have established the feasibility

of the techniques for obtaining and using atmospheric parameters to
transform spacecraft data into absolute target reflectance characteristics.

The RPMI's wide dynamic range was found to be essential for obtaining

the full set of measurements needed to derive atmospheric parameters

and spot reflectances of ground-truth targets., The measurement ex-
tremes were determined to be direct-beam solar irradiance up to 25 mW/
em? in Band 7, sky radiance as low as 0, 077 mW/cmZ-Sr in Band 6, and
radiance reflected from water in Bands 6 and 7 as low as 0. 02 mW/eme-Sr,

. Solar irradiance outside the atmosphere was determined from RPMI

measurements and compared with those published by NASA (Dr. Thekaekaral).
The measurements derived from the RPMI were found to compare with

Dr. Thekaekara's data within 5 percent in Band 4, 1 percent in Bands 5

and 6, and 1. 2 percent in Band 7.

Field measurements obtained during the period from January through
May of 1973 show that the atmospheric attenuation (beam transmittance)
varies from 13 to 18 percent in each ERTS band., The largest variation
occurs in Band 4,

Energy scattered to the spacecraft from the atmosphere (path radiance)
was determined to be equivalent to that which would be produced by a
target having a reflectance on the order of 11 percent in Band 4, 5 per-
cent in Band 5, 3 percent in Band 3, and 1 percent in Band 7. This 'path
reflectance', if not properly determined and removed from ERTS data,
can be a major source of error. This is of particular concern when
computing reflectance of water and other targets of low reflectance as it
can cause an error of several hundred percent.

Analysis of ground measurements acquired during the January-through-
May time period show that this radiance, reflected back to the space-
craft from the atmosphere, is a function of sun angle (scattering angle)
and, for ERTS/Sun angles available at the Michigan test site, can be ex-
pected to vary on the order of 30 percent,
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Reflectance derived from ERTS CCTs on the deep water area of six
lakes established that lake reflectance ranges from 3 to 5.5 percent
in Band 4, 0 to 2,3 percent in Band 5, 0 to 0,5 percent in Band 6, and
0 to 0,37 percent in Band 7.

Direct spot reflectance measurements made on the same lakes with the
RPMI show the values to be 1.3 to 2,5 percent in Band 4, 0.7 to 1.1 per-
cent in Band 5, 0.2 to 0.5 percent in Band 6, and 0 to 0. 08 percent in
Band 7. The major difference between reflectances derived from ERTS
and reflectances derived from ground measurements occurred in Band 4.
Reasons are yet to be determined,

When atmospheric parameters derived for the 27 March mission were
applied to the computer processing of CCTs generated from ERTS data
acquired in April and May, an error of several hundred percent occurred
in computing lake reflectance. This large error, again, was caused by
an improper choice of path radiance. The error, however, was partly
expected since this parameter is known to change from month to month
as a function of the scattering angle, which, in turn, is a function of Sun
zenith angle,

Absolute reflectance of any target within an ERTS scene can be immed.
iately determined by computer processing ERTS CCTs and producing
color-coded TV display and computer-generated gray scaled maps where-
in color and computer symbols designate a specific reflectance level or
range, ERTS CCTs from March, April, and May have been processed

in this manner, In ERTS Band 4, up to seven reflectance levels were
viewed in test lakes.

The water quality in test lakes, as indicated by water transparency and

color, appears measurable in the reflectance derived from ERTS Bands 4
and 5 and from the ratios of these bands,
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6. RECOMMENDATIONS

As a result of the work performed to date, the following tasks are recom-
mended on the basis of an urgent need to identify the components and procedures
of the most cost-effective ERTS radiometric calibration technique.

1. Continue investigations to develop and inter-compare the capabilities of cor-
recting the ERTS data for solar and atmospheric parameters by techniques that
include the use of (1) transfer calibration from known reflectance targets, (2) RPMI,
(3) spacecraft data alone (no auxiliary inputs), and (4) radiation transfer models.,
Use the RPMI technique as a base with which to compare the capability of the other
techniques.

2. Continue the RPMI field and rooftop measurements needed to obtain an under-
standing of the effects of seasonal variations on beam transmittance and path ra-
diance parameters and to provide sufficient data to complete the development of
correlations between these parameters and other environmental factors (i,e., visual
range, cloud cover, etc.).

3. Continue to use the full set of solar and atmospheric parameters determined
by the RPMI technique as a basis from which to develop and evaluate techniques
which require little or no concurrent ground truth measurements, These tech-
niques should include:

a. A procedure for developing and using historical atmospheric param-
eters, i.e., atmospheric parameters derived from previous RPMI/
ERTS missions. This is a possible approach when no ground truth is
available,

b. A technique for improving these historical parameters based on visual
range.,

c. A procedure for mapping ERTS radiance received under an atmospheric
condition two, L3, into radiance that would have been received under atmos-
pheric condition one, L;. This is possible if two or more targets of the
same reflectance can be located in each of the two conditions (Crane, 1971).

4, Compare results of radiation transfer models with direct RPMI measurements.
Models available at GSFC or from Robert S, Fraser should be used for this
analysis.

5. Continue to utilize the RPMI to develop absolute reflectance of large natural
and man-mand targets from ground~based spot sampling, Evaluate the techniques
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of transforming these reflectance data to ERTS measurements by the transfer cal-
ibration procedure.

6. Identify those ERTS Principal Investigators (Pls), having practical applica-
tions of ERTS data, that would most likely benefit from support by a radiometric
calibration technique for correcting ERTS data for solar and atmospheric effects,
and obtain an initial estimate of the value of these corrections from the Pls.

7. Develop an informed core of ERTS PIs who have a knowledge of the procedures
and techniques established for correcting ERTS data for stmospheric effects.

8. A program to determine the value of atmospheric corrections is also recom-
mended. One approach to this would be to select and support a group of ERTS Pls
having experiments that represent a broad range of ERTS data applications, i.e.,
Agriculture (crop and soil survey), Environmental (air and water pollution), etc.,
with a radiometric calibration system, This system might be composed of RPMIs
or equivalent instruments that would permit the Pls to correct their own data for
atmospheric effects, The activity could be initiated immediately by scheduling and
shipping the government owned RPMIs to select PIs. With careful scheduling and
shipping of some of the five RPMIs, this activity would (1) enhance achievement of
this atmospheric experiment's objectives, (2) enhance achievements of ERTS experi-
ments supported, and (3) permit a dollar estimate of benefits contributal to atmos-
pheric corrections to be determined.

An alternative to providing PIs RPMIs would be to provide them with both
corrected and uncorrected ERTS data (tapes and imagery). The atmospheric
parameters for this case could be derived from the GSFC atmospheric model,
RPMI measurements, or from a combination of the two techniques. The Pls would
then interpret their ERTS data with and without the atmospheric correction and
interpret results evaluated from a cost-benefit standpoint,

Cost of providing atmospheric corrections, based on level and type of support
provided, would be derived for each PI. The ratio of application benefit to support
cost would immediately provide the desired value (cost-effectiveness) of the atmos-
pheric corrections for each ERTS data application,
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APPENDIX A

PROCEDURE FOR DETERMINING REFLECTANCE USING
RADIANT POWER MEASURING INSTRUMENT

A.1 EQUIPMENT REQUIRED

. Radiant Power Measuring Instrument (RPMI) (see Figure 1)
Unknown reflectance targets
1. Unclasp and open RPMI.
2, Separate two halves of RPMI.
3. Unfold and connect cable,
4, Turn ON-OFF switch to ON.

5. Check battery by depressing BATT. TEST switch. Meter should indi-
cate between 0.6 and 1,0, '

6. To zero meter, turn RANGE switch to 0.003. (0.03 on production
instruments, 2373045 Assembly).

7. Turn BAND SELECT switch to ZERO.
8. Using ZERO adjust knob, set indicator of meter at zero.

A.2 TO MEASURE Hsyp

9. Set RADIANCE/IRRADIANCE switch to IRRADIANCE, Set meter range
to 300,

10. Uncover diffuser. Place telescope on diffuser. Lock telescope in place.
11. Point RPMI directly at sun until sun shadow is symmetrical about

bottom of telescope tube. (See Figure 1, lower right illustration).
Record time.
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12.

13.

14,

15,

Note

During Steps 12 through 15, adjust RANGE
switch to obtain mid-meter indication. Re-~
check meter zero on each range used,

Switch BAND SELECT switch to ERTS Band 4. Read meter,
indication on data sheet.

Switch BAND SELECT switch to ERTS Band 5. Read meter,
indication on data sheet.

Switch BAND SELECT switch to ERTS Band 6. Read meter,
indication on data sheet,

Switch BAND SELECT switch to ERTS Band 7. Read meter,
indication on data sheet,

TO MEASURE Hexv

16.

17.

18.

19.

20,

21.

22.

Unlock and fold telescope. Relock.

Record

Record

Record

Record

Using tripod if available, level and point diffuser upward, as shown in

Figure 1, lower left illustration.
Shade diffuser from direct sun.,
Note

During Steps 19 through 22, adjust RANGE
switch to obtain mid-meter indication. Re-
check meter zero on each range used.

Switch BAND SELECT switch to ERTS Band 4. Read meter.
indication on data sheet. v

Switch BAND SELECT switch to ERTS Band 5. Read meter.
indication on data sheet.

Switch BAND SELECT switch to ERTS Band 6. Read meter.
indication on data sheet,

Switch BAND SEILECT switch to ERTS Band 7. Read meter,
indication on data sheet.

Record

Record

Record

Record



A.4 TO MEASURE SUN ZENITH ANGLE

23, With instrument level, determine zenith angle, Z, as follows:

Rotate RPMI in horizontal plane until sun shadow from pin falls on
protractor. Read elevation angle, 8, (less than 90°) from sun pro-
tractor. Record indication on data sheet. Compute Z and cos Z in

the manner shown on the data sheet.

A.5 TO MEASURE L7 (RADIANCE FROM TARGET)

24, Place telescope on diffuser and lock telescope in place.

25. Switch RADIANCE/IRRADIANCE switch to RADIANCE.

26. DPoint telescope vertically down at object whose reflectance is desired,
as shown in Figure 1, upper right illustration, except that RPMI is

vertically down.
Note

During Steps 27 through 30, adjust RANGE
switch to obtain mid-meter reading, Re-
check meter on each range used.

27. Switch BAND SELECT switch to ERTS Band 4. Read meter.
indication on data sheet,

28. Switch BAND SEILECT switch to ERTS Band 5. Read meter.
indication on data sheet,

29. Switch BAND SELECT switch to ERTS Band 6. Read meter,
indication on data sheet,

30. Switch BAND SEIECT switch to ERTS Band 7. Read meter.
indication on data sheet,

A.6 TO DETERMINE REFLECTANCE, »p

Note
Refer to data sheet shown in Figure A-1.

31. For each ERTS band, calculate p from:

Record

Record

Record

Record



Reflectance Determination Data

Hsun Hsky
{Pointing at Sun (Level without Lp
with telescope) telescope; shaded) } (Point at target) p
ERTS Band
*1) 4
(2) 5
(3) 6
(4) 7
*Prototype instrument numbering € = degrees (less than 90°)
Z =90 -8 = degrees
cos Z =
Time
Date
Location

Figure A-1. Data Sheet for Step 31



1TLT Kl

p =

For Kl’ see Table A-1.

For KZ' see Table A-2.
31A. An an alternate calculation, use the formula
™ LT Kl

P ="
HK,

Note
Refer to data shect shown in Figure A-2.
H = global irradiance determined with instrument leveled and pointed
upward, with diffuser uncovered, and without telescope as shown in Fig-
ure 1, lower left illustration. IPlace IRRADIANCE/RADIANCE switch
in IRRADIANCE position.

Note

Kj = 100 and K = 1.0 for all production instru-
ments (2373045 Assembly).

Table A-1 Sky Radiance Correction Factors (5500°K), Kj

ERTS] Instrument Prototype Instrument Number

Band Band 100 l 101 I 102 | 103
4 1 1.01 x 10%% 9.02 x 10>  9.08 x 10° 8,95 x 10°
5 2 7.98 x 102 7.88 x 10> 7.85x 10>  7.59 x 10°
6 3 7.96 x 105 7.94 x 105 7.86 x 10°  7.78 x 10°
7 4 2.355 x 103 2.331 x 103 2.331 x 103 2.247 x 103
*Instrument reading, when multiplied by these values, will be radiance

in units of W m-2 (A Ba.nd)'1 sr-l,




Table A-2 Correction Factors for Solar Irradiance, K;

ERTS| Instrument Prototype Instrument Numbher

Band Band 100 101 102 103
4 1 12,43 11.81 12.30 11.58
5 2 10,72 10,43 10.64 9.85
6 3 10.71 10. 46 10.67 10. 10
7 4 32.3 31.05 32.3 29.65
#¥This multiplier transforms in Wm-2

(A Band)-1,

RPMI reading to irradiance




Reflectance Determination Data

ERTS H Lt
Band (Level, without telescope) (Point at target)

(1)* 4

(2) 5

(3 6

(4) 7

==tPrcﬂ:cﬁty’pe instrument numbering.

Time

Date

Iocation

Figure A-2. Data Sheet for Step 32






